Preparation of soluble glycoprotein. The soluble glycoprotein was prepared by gel filtration on Bio Gel A-Sm of the soluble apoprotein fraction which was obtained by delipidizing the low density fraction of milk fat globule membrane with a mixture of methanol and chloroform (I : 2, v/v), as described in the previous paper.2) Preparation of whey protein.
The pooled fresh bovine skimmilk was centrifuged for 60 min at 106,000 x g and at 15°C. The supernatant was collected by a syringe, avoiding contamination of smaller fat globules in the top layer and of skimmilk membrane in the fluffy fraction as carefully as possible. The collected supernatant was then recentrifuged under the same con ditions. The recovered supernatant was adjusted to pH 4.6 to remove the residual casein, dialyzed against deionized water at 4°C, and freeze-dried. Ion exchange chromatography. DEAE-cellulose washed with acid and base was preequilibrated with 0.005 M Tris-phosphate buffer, pH 8.6, degassed and poured into a column (2.0 x 15.5 cm) with positive pressure. After equilibration with the starting buffer, whey protein (about 300 mg) was applied to the column. The elution was performed with a linear gradient of Tris-phosphate buffer, pH8.6 from 0.01M to 0.5M. The concentration of protein was scanned at 280nm. The flow rate was 36 ml per hour. The eluted frac tions were dialyzed against distilled water and freezedried.
Immunological methods.
Antisera to the soluble glycoprotein (anti-SGP) were prepared by immunizing rabbits with intradermal injection of the antigen in complete Freund's adjuvant at intervals of two weeks over a period of 4 to 5 months.
Immunoelectrophoresis was performed according to n.e., not estimated.
and the arc formed by the fusion is almost symmetrical ( Fig. I-A) . The reaction indi cates the presence of identical antigenic deter minants in the compared reactants.
On the other hand, against anti-SGP ab sorbed with an excessive amounts of whey protein both the precipitate line of whey protein and the major line of the soluble glycoprotein disappeared ( Fig. 1-B ). Minor lines of the soluble glycoprotein remained. This type of reaction also indicates that both proteins which disappeared were antigenically equivalent each other and the proteins corresponding to the minor precipitate lines of the soluble glyco protein were not contained in whey protein.
The concentration of the protein which reacted with anti-SGP was estimated to be about 15% in whey protein (Table I) .
In addition, the soluble glycoprotein did not react with the anti-bovine serum under con ditions used here. It seems that the soluble glycoprotein and the whey protein com ponent(s) which reacts with anti-SGP do not originate from bovine serum protein. A and D were assayed against the antiserum of the soluble glycoprotein, B against the anti-soluble glyco protein absorbed with whey protein, and C and E against the anti-bovine serum. Numerals in the figure indicate the order of the fraction shown in Fig. 2 for Sephadex G-150 or in Fig . 6 for DEAEcellulose. W; total whey protein. Each fraction of (C) corresponds to that of (B) but was heated for 30 min at 90°C and centrifuged for 30 min at 40,000 x g without acidification. Numerals in the figure indicate the order of the fraction shown in Fig. 2 for Sephadex G-150 or in Fig. 6 and the following centrifugation at 1000 x g for 30 min, about 60% of denatured protein were removed from whey protein (Fig. 7-A) , while the concentration of the anti-SGP reacting protein increased to about 40 % in the supernatant (Fig. 7-B) . Secondly, centrifugation of this supernatant at 40,000 x g for 30 min resulted in 70 % precipitation of whey protein and simultaneous increase of the concentration of the anti-SGP reacting protein (Fig. 7-A and  -B) . It was shown that heat-denatured whey protein did not precipitate completely in the neutral whey protein solution, but easily ag gregated by the following acidification. After removal of heat-denatured whey protein at pH 4.6, the heat-stable protein fraction was obtained. The amount of this fraction was about 20% of the total whey protein. The concentration of the anti-SGP reacting protein in this fraction increased to 60 % (Fig. 7-A and  -B) . The content of the anti-SGP reacting protein was hardly affected by heating, acidi fication, or ultracentrifugation. In series of these experiments, the loss of the anti-SGP reacting protein was only about 5 %. The con centration of the heat-stable protein fraction in the total whey protein was almost similar to that of the proteose-peptone fraction as reported by other investigators."
The heat-stable protein fraction obtained from the total whey protein heated for 30 min at 95°C was analyzed on disc electro phoresis (Fig. 8-A) . It was separated into many bands under the conditions used here. Its electrophoretic pattern was somewhat differ ent from that reported by NG et al."' However, the regions indicated with Roman numerals in Fig. 8-A-2 other ( Fig. 8-B) . The heat-stable protein frac tion did not react with the antiserum of the soluble glycoprotein absorbed with whey pro tein ( Fig. 8-C) . The precipitation line of the heat-stable protein fraction on immunoelectro phoresis was diffuse and long ( Fig. 8-D) . The anti-SGP reacting protein in the heat-stable protein fraction had the properties of poly dispersity as well as the soluble glycoprotein.1) This observation was consistent with the hetero geneous behavior of the anti-SGP reacting pro tein found on ion exchange chromatography. The fractions obtained by ion exchange chro matography of whey protein as described above were heated to 95°C for 30 min and the heatstable protein in the respective fraction was recovered. Immunoelectrophoretic patterns of these fractions were shown to be almost similar before and after heating, except that more dense lines were observed after heating (Fig. 5-C) .
These lines were antigenically identical each other. A minor precipitation line in the fraction 5 was also heat-stable.
It was thus demonstrated that the protein in whey which is antigenically identical to the soluble glycoprotein occurrs in the so-called proteose-peptone fraction.
DISCUSSION
It was found that the protein which is anti genically identical to the soluble glycoprotein of milk fat globule membrane is contained in whey.
The soluble glycoprotein was isolated from the soluble apoprotein fraction of the delipidi zed milk fat globule membrane by many in vestigators.1,13,14,11,15) The physicochemical pro perties of their preparations, however, are not always concorded. The soluble glycoprotein isolated by us" was characteristically richer in total carbohydrate (30%) compared with the preparations isolated by other investigators. Furthermore, our soluble glycoprotein con sisted of eight polypeptides (seven of them were glycopeptides) which had relatively low mole cular weights. 16 give rise to the soluble glycoprotein fraction which has different physicochemical properties and polypeptide compositions."' Our prepa ration was composed of the polypeptides with relatively low molecular weights, PAS-I to -VII and CB-III, which were not present in the insoluble apoprotein fraction,"' while the pre paration obtained by the method of Jackson et al.14) contained several polypeptides present in the insoluble apoprotein fraction in addition to the polypeptides of our preparation. Specu lating the fact that their mucoprotein prepa ration was heterogeneous against the antiserum of the mucoprotein but homogeneous against its antiserum absorbed with whey protein,"' it is considered that the protein which dis appeared against the latter antiserum might be a part of the soluble glycoprotein consisting of the glycopeptides of low molecular weights which were similar to our preparation."' On the other hand, the protein which remained as only one precipitate line is likely to be the protein composed of the polypeptide found mostly in the insoluble apoprotein fraction by us18) and absent in whey protein. These problems are remained for further study .
